A microcomputer development system was built using an RT-11 operating system and a cross assembler in developing a Motorola MC6801-Ll microcomputer-based stepping-motor controller to work with an LSI-11 host computer. The advantage of this technique is that we can use the familiar LSI-ll hardware and the powerful RT-ll operating system software for other microcomputer development. This paper describes how the technique works and its use in developing the stepping-motor control ler.
Introduction
The Digital Equipment Corporation (DEC) LSI-ll is used for 90% of the computer needs in the Safeguards Assay Group at the Los Alamos National Laboratory. However, for certain instrumentation development, we also need to use the capabilities of a microcomputer on a chip, such as the Motorola MC6801-Ll. In developing the hardware and software for a special steppingmotor controller, we used an LSI-11 with its erating system, an MC6801-Ll microcomputer, and a cross assembler. Appropriate software and procedures were written to make this configuration into a usable microcomputer development system.
Hardware
The hardware (Fig. 1) (3) Circuitry to cause a restart from the serial line (for sensing format errors).
(4) Chips to expand the amount of RAM (for controlling the read aiid write logic). Additional space is available on the board to add spe--cial interfacing circuitry. 
Software
The special software used with the RT-11 operating system consists of the cross assembler; the MODT program, which establishes a link between the LSI-11 and the MC6801-L1; the KB handler; and the LILBUG monitor.
The cross assembler, a relocating assembler written for the MC6801, was purchased from Boston Systems for the LSI-11/Motorola microcomputer development system.
MODT is a utility program that establishes a software link between the LSI-ll and its console terminal and the MC6801-L1 LILBUG. This link is made over a serial line and runs at 300 baud. When a key is struck 0018-9499/82/0200-0855$00.75 1cal982 IEEE Fig. 3 . Logic circuitry.
on the LSI-11 console terminal, the character is sent to the MC6801-Ll and then echoed back and printed on the console display. Also, when the MC6801-Ll sends a message to the LSI-ll, the message is relayed to the console display. The LSI-11 looks transparent to the user--as if one were talking directly to the MC6801-L1. Additional features of MODT are a Control C, which will send the user back to RT-11 monitor, and a Control B, which will send the LILBUG back to restart.
The KB handler, a program written for the RT-ll operating system to handle a second terminal keyboard and printer, is used to down-line load programs that are outputs from the cross assembler. The handler is invoked by the RT-11 utility program PIP; it is used in the same manner as any other handler or program used by PIP. For example:
.R PIP *KB: =TEST. OBJ *I
The LILBUG program is contained in the 2-K bytes of PROM. This program is entered upon a restart pulse from PIN 6 on the chip. The LILBUG monitor sets itself up for 300 baud, sends out a message over its serial line, and then waits for one of its many commands. LILBUG can load and verify a program, dump a program, and examine and change data in memory and registers. It has break points, it can punch a program, and it can free run or trace through a program.
Procedure
(1) Run RT-ll, then run TECO or another editor. Figure 4 shows a flow chart of this procedure.
Controller
In developing the stepping-motor controller, we used the LSI-11 to provide the pulse train to the (1) A step given by the MC6801-L1 program is sent START ) to the stepping-motor driver, causing the motor to step.
RT 11
(2) When the motor has completed its step, the motor encoder sends a pulse back to the interface on the foundation module, setting the grammed speed but a larger load, the motor either will RUNMODTANDLILBUG take longer to arrive at the speed or will never quite RUN PROGRAM reach the top speed. The flow chart for the program is shown in Fig. 6 . NO 
WORK

Conclusions
Compared to a $20 000 commercial development sys-END tem, this system has a faster assembly speed, a more powerful editor, higher speed peripherals, the familiar RT-11 operating system, and a link between the PDP-11 Fig. 4 . and the MC6801-L1. Because this system serves two comSoftware development procedure. puters, it is more cost effective for our application.
driver. The controller used the pulses returning from the incremental encoder on the motor to provide self-MUP ramping. To make the controller with the MC6801-L1 requires a translated program and a method to communir cate with the host LSI-11 computer. N D3-CT Because space was available on the foundation module for additional circuitry, we added an interface OUTPUT A PULSE between the motor driver, the motor encoder, and the MC6801-L2. This required two IC chips; the logic is DELAY D3 shown in Fig Stepping-motor program flow chart.
